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(57) In a scintillator panel (2) comprising a deliques- (1 2), the FOP (10) comprises a protective film peeling 

cent scintillator (12) formed on an FOP (10) and a prevention rough (10a) at a side wall portion thereon 

pofyparaxyiylene film (14) covering over the scintillator coming into contact with the polyparaxylylene film (14). 

Fig.1 



X-RAY 



< 

00 
00 




LU 



Printed by Jouve, 75001 PARIS (FR) 



MSDOC1D: <EP. 



_1118879A1„L> 



1 



EP1 118 879 A1 



2 



Description 
Tech n real Field 

[0001] The present invention relates to a scintillator 
panel and a radiation image sensor which are used for 
medical X-ray photography and the like. 

Background Art 

[0002] While X-ray sensitive films have been used in 
medical and industrial X-ray photography, radiation im- 
aging systems using radiation detecting devices have 
been coming into wider use from the viewpoint of con- 
venience and their storability of photographed results, 
la such a radiation imaging system, pixel data caused 
by two-dimensional radiation are acquired by a radiation 
detecting device as an electric signal, which is then 
processed by a processing unit, so as to be displayed 
onto a monitor. 

[0003] Conventionally known as a scintillator pan el for 
a radiation detecting device is one disclosed rn Japa- 
nese Patent Application Laid-Open No. SHO 
63-215987. In this scintillator panel, a scintillator made 
of Csl, which is a typical scintillator material, is formed 
on a fiber optical plate (FOP), i.e., an optical part con- 
stituted by a plurafity of optical fibers bundled together. 
Since this scintillator is deliquescent, a water-imperme- 
able protective film, i.e., pofyparaxylylenefilm, is formed 
on the upper side of the scintillator so as to protect the 
scintillator against moisture. 

[0004] However, since side waffs of the FOP are 
ground to ffat surfaces, there have been cases where 
the polyparaxyiylenefilm peels. Namely, when connect- 
ing a scintillator panel in which a scintiflator is protected 
by a polyparaxyiylene film to an imaging device (e.g., 
CCD or MOS-type sotid-state image sensor) and the 
like, there are cases where side walls of the FOP are 
held with fingers, tweezers, or the like or are held with 
a jig in order to strictly carry out the positioning with re- 
spect to the imaging device, whereby the polyparaxy- 
iylene film may peel due to a frictionaf force acting on 
th e p ofyparaxy ly I en e film , thus allowi n g water to i nf iltrate 
therefrom, which is problematic in that characteristics of 
the scintiflator, such as the resolution thereof in partic- 
ular, deteriorate. 

[0005] It is an object of the present invention to pro- 
vide a scintillator panel and a radiation image sensor 
which can prevent the protective film of scintillator from 
peeling. 

Disclosure of the Invention 

[0006] The present invention provides a scintillator 
panel comprising a scintillator formed on a substrate 
and a transparent organic film covering over the scintil- 
lator, wherein the substrate comprises a protective film 
peeling prevention rough in at least a part of a portion 



th ereo n comi ng into co ntact with th e transparent organ ic 
film. 

[0007] According to the present invention, since the 
transparent organic film for protecting the scintillator is 

5 formed so as to reach the protective film peeling pre- 
vention rough provided in the substrate, the contact area 
between the transparent organic film and substrate is 
enhanced by the protective film peeling prevention 
rough, whereby the transparent organic film can be pre- 

io vented from peeling. 

[O0OS] The present invention is characterized in that 
a side wall of the substrate of the scintilfator panel com- 
prises the protective film peeling prevention rough. 
Since the protective film peeiing prevention rough is dis- 

15 posed at a side wall of the substrate, the present inven- 
tion can prevent the transparent organic film from peel- 
ing even when a f rictional force acts from the underside 
of the substrate toward the surface and the like. 
[0009] The present invention is characterized in that 

20 the substrate of the scintiflator panel is a fiber optical 
plate. According to the present invention, even when 
connected to an imaging device by way of the fiber op- 
tical plate so as to constitute a radiation image sensor, 
the transparent organic film can be prevented from peel- 

25 ing. 

[0010] The present invention is characterized In that 
the substrate of the scintilfator panel is a substrate made 
of AL Also, the present invention is characterized in that 
the substrate of the scintillator panel is a substrate main - 

30 ly composed of carbon. 

[0Q1 1] The radiation image sensor of the present in- 
vention is characterized in that it further comprises an 
imaging device on the substrate side of the scintillator 
panel. Also, the radiation image sensor of the present 

35 invention is characterized in that it further comprises an 
imaging device on the tip side of the scintillator of the 
scintillator panel. According to the radiation image sen- 
sor of the present invention, since the transparent or- 
ganic film for protecting the scintillator is formed so as 

40 to reach the protective film peeling prevention rough 
provided in the substrate, the contact area between the 
transparent organic film and substrate is enhanced by 
the protective film peeling prevention rough, whereby 
the transparent organic film can be prevented from peel- 

45 jng. 

The present invention provides a radiation image sensor 
comprising a deliquescent scintillator formed on an im- 
aging device and a transparent organic film covering 
over the scintillator, wherein the imaging device com- 

5Q prises a protective film peeling prevention rough in at 
least a part of a portion thereof coming into contact with 
the transparent organic film. According to the present 
invention, since the transparent organic film for protect- 
ing the scintillator is formed so as to reach the protective 

55 film peeiing prevention rough provided in the imaging 
device, the contact area between the transparent organ- 
ic film and imaging device is enhanced by the protective 
film peeling prevention rough, whereby the transparent 
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organic film can be prevented from peeling. 
[0012] The radiation image sensor of the present in- 
vention is characterized in that the imaging device of the 
radiation image sensor comprises a protective film peel- 
ing prevention rough at a side waif thereof. Since the s 
protective film peeling prevention rough is disposed at 
a side wall of the imaging device, the present invention 
can prevent the transparent organic film from peeling 
even when a friction al force acts from the underside of 
the imaging device toward the surface and the tike. 

Brief Description of the Drawings 

[0013] 

Fig. 1 is a sectional view of the scintillator panel in 
accordance with an embodiment of the present in- 
vention; 

Fig. 2 is a sectional view of the radiation image sen- 
sor in accordance with an embodiment of the 
present invention; 

Fig. 3A is a view showing a step of making the scin- 
tillator panel in accordance with an embodiment of 
the present invention; 

Fig. 3B is a view showing a step of making the scin- 
tillator pane! in accordance with an embodiment of 
the present invention; 

Fig. 3C is a view showing a step of making the scin- 
tillator panel in accordance with an embodiment of 
the present invention; 

Fig. 4A is a view showing a step of making the scin- 
tillator panel in accordance with an embodiment of 
the present invention; 

Fig. 4B is a view showing a step of making the scin- 
tillator panel in accordance with an embodiment of 
the present invention; 

Fig. 5A is a sectional view of the scintillator panel 
in accordance with an embodiment of the present 
invention; 

Fig. 5B is a sectional view of the scintillator panel 
in accordance with an embodiment of the present 
invention; 

Fig. 6A is a chart showing the relationship between 
the surface roughness Ra of substrate in an embod- 
iment of the present invention and the particle size 
of powder for grinding the substrate; 
Fig, 6B is a chart showing the relationship between 
the surface roughness Rmax of substrate in an em- 
bodiment of the present invention and the particle 
size of powder for grinding the substrate; 
Fig. 7A is a chart showing the relationship between 
the surface roughness Ra of substrate and the ad- 
hesion of the amorphous carbon substrate and a 
protective film; and 

Fig. 7B is a view showing the relationship between 
the surface roughness Rmax of substrate and the 
adhesion of the amorphous carbon substrate and a 
protective film. 



Best Modes for Carrying Out the Invention 

[001 4J In the following, embodiments of the present 
invention will be explained with reference to the draw- 
ings. Fig. 1 is a sectional view of a scintillator pane! 2 in 
accordance with an embodiment of the present inven- 
tion. As shown in Fig. 1 , the side wall of an FOP 10 in 
the scintillator panel 2 is provided with a protective film 
peeling prevention rough 10a. Also, one surface of the 
FOP 10 is formed with a scintillator 12 having a colum- 
nar structure adapted to convert incident radiation into 
visible light. Used in the scintillator 12 is TJ-doped CsL 
[0015] The scintillator 12 formed on the FOP 10 is 
covered with a first polyparaxylylene film (transparent 
organic film) 14 acting as a protective film, whereas the 
end portion of the first poly paraxylylene film 14 is formed 
so as to reach the protective film peeling prevention 
rough 10a. A surface of^he first polyparaxylylene film 
14 is formed with an Al film 16, whereas the surface of 
A! film 1 6 and the surface of first polyparaxylylene film 
1 4 not formed with the Al film 1 6 are formed with a sec- 
ond polyparaxylylene film 18. This scintillator panel 2 is 
used as a radiation image sensor when connected to an 
unshown imaging device (e.g., a CCD, a thin-film tran- 
sistor with a photodiode array, or a MOS-type solid-state 
imaging device) by way of the FOP 1.0. 
[0016] Fig. 2 is a sectional view of a radiation image 
sensor 4 in accordance with an embodiment. As shown 
in Fig. 2, the side wall of an imaging device (CCD) 20 of 
the radiation image sensor 4 is provided with a protec- 
tive film peeling prevention rough 20a. A scintillator 12 
having a columnar structure is formed on the light-re- 
ceiving surface of Imaging device 20. The scintillator 1 2 
is covered with a first polyparaxylylene film (transparent 
organic film) 1 4 acting as a protective film, whereas the 
end portion of the first polyparaxylylene film 1 4 is formed 
so as to reach the protective film peeling prevention 
rough 20a. A surface of the first polyparaxylylene film 
14 is formed with an Al film 16, whereas the surface of 
Al film 16 and the surface of first polyparaxylylene film 
1 4 not formed with the Al film 1 6 are formed with a sec- 
ond polyparaxylylene film 18. 

[0017] With ref erence to Figs. 3 A to 4B, steps of mak- 
ing the scintillator panel 2 will now be explained. First, 
the side wall of FOP 1 0 is formed with the protective film 
peeling prevention rough 10a (see Fig. 3A). Namely, in 
a state where the part of FOP 10 other than its side wall 
is protected by a vinyl tape, a sandblast treatment is car- 
ried out at a pressure of 2 kg/cm 2 with #800-rnesh alu- 
mina. This sandblast treatment forms the protective film 
peeling prevention rough 1 0a in which Ra - 0.32 jxm and 
Rmax = 2.1 |xm (where Ra (center line average rough- 
ness) and Rmax (maximum height) are defined by JIS- 
B0601) according to the surface roughness measure- 
ment by use of a surface roughness meter (Surf com 
60QA, Tokyo Seimitsu). 

[0018] Subsequently, on one surface of the FOP 10, 
columnar crystals of Tl-doped Cs! are grown by vapor 
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deposition method, so as to form the scintillator 1 2 by a 
thickness of 200 |jim (see Fig. 3B). Since Csl, which 
forms the scintillator 12, is high in moisture absorbency 
so that it will deliquesce by absorbing vapor in the air if 
left exposed, The first poiyparaxylylene film 1 4 Is formed 
by CVD method in order to prevent this from occurring. 
Namely, the substrate 10 having formed the scintillator 
12 Is put into a CVD apparatus, and the first poiyparax- 
ylylene film 14 is formed with a thickness of 1 0 p_m. As 
a consequence, the first poiyparaxylylene film 14 is 
formed on all surfaces of the scintillator 12 and reaches 
the position of the protective film peeling prevention 
rough 1 0a disposed at the side wall of FOP 1 0 (see Fig. 
3C). 

[001 9] Then , the Al f ilm 1 6 is deposited by a thickness 
of 300 nm on the surface of first poiyparaxylylene film 
14 on the scintillator 12 side (see Fig. 4A), Here, the Al 
film 1 6 is formed in an area covering over the scintillator 
12, since it is aimed at improving the moisture resistance 
of scintillator 12. 

[0020] Further, on the surface of Al film 16 and the 
surface of first poiyparaxylylene film 14 not formed with 
the Al film 16, the second poiyparaxylylene film 18 is 
formed with a thickness of 1 0 urn again by CVD method 
(see Fig. 4B). When this step is completed, the making 
of scintillator panel 2 ends. 

[0021] The radiation image sensor 4 shown in Fig. 2 
is made by a method similar to the method of making 
scintillator panel 2. Namely, the side wall of imaging de- 
vice 20 is formed with the protective film peeling preven- 
tion rough 20a by a method similar to that usedforform- 
ing the side wall of FOP 10 with the protective film peel- 
ing prevention rough 10a. Subsequently, by a method 
similar to that in the case of making the scintillator panel, 
the scintillator 12 is formed, and the first poiyparaxy- 
lylene film 14, Ai film 16, and second poiyparaxylylene 
film 1 8 are formed on the scintillator 1 2. When this step 
is completed, the making of radiation image sensor 4 
ends. 

[0022] Since the side wall of FOP 1 0 is provided with 
the protective film peeling prevention rough 10a 5 the 
scintillator pane] 2 in accordance with this embodiment 
can prevent the end portion of first poiyparaxylylene film 
14 from peeling due to friction and the like. Also, since 
the side wall of imaging device 20 is provided with the 
protective film peeling prevention rough 2Qa> the radia- 
tion image sensor 4 in accordance with this embodiment 
can prevent the end portion of first poiyparaxylylene film 
14 from peeling due to friction and the like. Therefore, 
the moisture resistance of scintillator 12 can remarkably 
be improved. 

[0023] Though the protective film peeling prevention 
rough 1 0a is formed by subjecting the side wall of FOP 
10 to the sandblast treatment at a pressure of 2 kg/cm a 
wrth #800-mesh alumina in the above-mentioned em- 
bodiment, the protective film peeling prevention rough 
10a may be formed by carrying out a sandblast treat- 
ment at a pressure of 2 kg/cm 2 with #1500-mesh alumi- 



na. The latter case yields a protective film peeling pre- 
vention rough in which Ra = 0.19 pjn and Rmax = 1,42 
u.m according to the surface roughness measurement 
by use of a surface roughness meter (Surfcom 600A, 

5 Tokyo Seimitsu). 

[0024] Also, the protective film peeJing prevention 
rough 10a may be formed by excimer laser irradiation, 
wet etching processing, and the like. When forming 
grooves of 500 jim (1) X 10 urn (w) X 10 jim (d), for 

10 example, in the case of excimer laser irradiation f it is 
preferred that at least three of them be formed per 1 
mm 2 . It is also preferred that the ratio of width (w)/depth 
(d) in the grooves be 1 ,0 or less. 

[0025] In the case of wet etching processing, on the 
15 other hand, numeral pits having a depth of 5 ujti can be 
formed when the FOP 1 Oare immersed into a 1-N HNO s 
solution for 5 minutes while the part other than the side 
wall thereof is protected. The side wail of FOP 10. may 
be cut with a cutter knife or the like, so as to form the 
20 protective film peeling prevention rough 10a. The pro- 
tective film peeling prevention rough 10a may also be 
formed by Carborundum grinding. 
[0026] Though Csl(T1)is used as the scintillator in the 
above-mentioned embodiment, it is not restrictive; and 
25 Csl(Na), Nal(T1), Lil(Eu), KI(T1), and the like may also 
be used. 

[0027] While FOP and CCD are used as the substrate 
for forming a scintillator and the imaging device, respec- 
tively, in the above-mentioned embodiment, substrates 

30 made of Al, substrates mainly composed of carbon such 
as those made of C (graphite) and those made of amor- 
phous carbon, substrates made of Be, substrates made 
of SiC f and the like which are substrates having a favo- 
rable X-ray transmissivity may also be used as well, Al- 

35 so, glass substrates may be used. 

[0028] Figs. 5 A and 5B are views showing scintillator 
panels in which a scintillator 12 is formed on a surface 
of a substrate 30 made of amorphous carbon, and a first 
polyparaxyly len e fi Im 1 4 fo r protect! ng th e scintillator 1 2 , 

40 a transparent inorganic film (Si 0 2 film) 22, and a second 
poiyparaxylylene film 18 are formed. In the scintillator 
panels shown in Figs. 5A and 5B f ail surfaces of the 
amorphous carbon substrate 30 and scintillator 12 are 
covered with the first poiyparaxylylene film 14 and the 

45 second poiyparaxylylene film 1 8. A protective film peef- 
ing prevention rough 30a is formed on the surface of 
amorphous carbon substrate 30 formed with the scintil- 
lator 12 at a part not covered with the scintillator 12 in 
the scintillator panel of Fig. 5 A, and a protective film 

50 peeling prevention rough 30a is formed on the surface 
of Al substrate 30 not formed with the scintillator 12 in 
the scintillator panel of Fig. SB, whereby the first 
poiyparaxylylene film 14 formed on the amorphous car- 
bon substrate 30 can be prevented from floating up and 

55 peeling in these cases. The side wall portion of Al sub- 
strate 30 may further be provided with a protection film 
peeling prevention rough in these cases. Here, the 
transparent inorganic film may be any of A! 2 0 3i Ti0 2 , 
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ln 2 0 3j Sn0 2 , MgO, SiN, MgF 2 , LiR CaF 2 , AgCl r and Si- 
NO. 

[0029] When making the scintillator panel of the 
above-mentioned embodiment, the relationship be- 
tween the adhesion of the substrate and protective film s 
and the magnitude of protective film peeling prevention 
rough was studied. Amorphous carbon (a-C) sheets 
having a thickness of 1 mm were ground with SiC grind- 
ing powders whose particle size varies from #600 to 
#10000 (seven kinds of #600, #300, #1000, #1500, 10 
#2000, #4000, and #10000), so as to prepare amor- 
phous carbon substrates having different surface rough- 
ness values, and then their surface roughness values 
Ra and Rmax were measured with a surface roughness 
meter. The relationships between the particle size of 
grinding powder and Ra and Rmax are shown in Figs. 
6A and 6B. 

[0030] Next, Csl was deposited by 20G \m\ on each of 
thus prepared amorphous carbon substrates, a 
polyparaxylylene film was subsequently formed thereon 
by CVD method, and then the relationships between the 
adhesion of Csl and the amorphous carbon substrate, 
the adhesion of substrate and protective film at the pro- 
tective film peeling prevention rough 30a in Fig. 5B in 
particular, and Ra and Rmax were studied, whereby the 
results shown in Figs. 7A and 7B were obtained. 
[0031] As can be seen from these charts, it has been 
found that the case where the film is formed on an amor- 
phous carbon substrate having an Ra of at least 0.1 jjtm 
and an Rmax of at least 0.8 jim is effective in adhesion. 
[0032] Namely, it has been found that, in the case 
where the above-mentioned FOP and amorphous car- 
bon are used as the substrate, the surface roughness 
functioning as the protective film peeling prevention 
rough has an Ra of at least 0.1 u.m and an Rmax of at 
ieast 0.8 p.m. 

[0033] The scintillator panel using the amorphous car- 
bon substrate 30 is used as a radiation image sensor 
when an imaging device is disposed on the tip side of 
the scintillator 12. In the case where a substrate made 
of Al, a substrate made of Be, or the like is used, the 
scintillator panel is similarly used as a radiation image 
sensor. In the case where a glass substrate is used, the 
scintillator panel is used as a radiation image sensor 
when an imaging device is disposed on the glass sub- 
strate side with a lens interposed therebetween. 
[0034] The magnitude of protective film peeling pre- 
vention rough described in the foregoing is applicable 
not only to the FOP and amorphous carbon substrate, 
but also to substrates made of Al and other materials. 
The protective film in the above-mentioned embodiment 
includes not only polyparaxy!ylene t but also polymono- 
chloroparaxylylene, polydichioroparaxylylene, polytet- 
rachloroparaxylyEene, polyfluoroparaxylyjene, poly- 
fluoroparaxylyiene, polydimethylparaxylylene, polydi- 
ethylparaxylylene, and the like. 

[0035] According to the scintillator panel of the 
present invention, since the transparent organic film for 



protecting the scintillator is formed so as to reach the 
protective film peeling prevention rough provided in the 
substrate, the contact area between the transparent or- 
ganic film and substrate is enhanced by the protectee 
film peeling prevention rough, so that the transparent 
organic film can be prevented from peeling, whereby the 
moisture resistance of scintillator can be improved. In 
the case where the protective film peeling prevention 
rough is disposed at a side wall of the substrate, the 
transparent organic film can be prevented from peeling 
even when a friction al force acts from the underside of 
the substrate toward the surface and the like. 
[0036] According to the radiation image sensor of the 
present invention, since the transparent organic film for 
protecting the scintillator is formed so as to reach the 
protective film peeling prevention rough provided in the 
imaging device, the contact area between the transpar- 
ent organic film and imaging device is enhanced by the 
protective film peeling prevention rough, so that the 
transparent organic film can be prevented from peeling, 
whereby the moisture resistance of scintillator can be 
improved. In the case where the protective film peeling 
prevention rough is disposed at a side wall of the imag- 
ing device, the transparent organic film can be prevent- 
ed from peeling even when a frictional force acts from 
the underside of the imaging device toward the surface 
and the like. 

Industrial Applicability 

[0037] As in the foregoing, the scintillator panel and 
radiation image sensor in accordance with the present 
invention are suitably usable for medical and industrial 
X-ray photography and the like. 



A scintillator panel comprising a scintillator formed 
on a substrate and a transparent organic film cov- 
ering over said scintillator, 

wherei n said substrate comprises a protective 
film peeling prevention rough in at least a part of a 
portion thereon coming into contact with said trans- 
parent organic film. 

A scintillator panel according to claim 1, wherein 
said substrate comprises said protective film peel- 
ing prevention rough at a side wall thereof. 

A scintillator panel according to claim 1 or 2, where- 
in said substrate is a fiber optical plate. 

A scintillator panel according to claim 1 or 2, where- 
in said substrate is a substrate made of Al. 

5. A scintillator panel according to claim 1 or2, where- 
in said substrate is a substrate mainly composed of 
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carbon. 

6. A radiation image sensor further comprising an im- 
aging device on said substrate side of said scintil- 
lator panel according to claim 3, s 

7. A radiation image sensor further comprising an im- 
aging device on a tip side of said scintillator in said 
scintillator panel according to claim 4 or 5. 

10 

8. A radiation image sensor comprising a scintillator 
formed on a light- receiving surface of an imaging 
device and a transparent organic film covering over 
said scintillator, 

wherein said imaging device comprises a pro- '5 
tective film peeling prevention rough in at least a 
part of a portion thereof coming into contact with 
said transparent organic film. 

9. A radiation image sensor according to claim 8, zo 
wherein said imaging device comprises a protective 
film peeling prevention rough at a side wall thereof. 
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